Abstract.-Observations and several types of field experiments on the mating behavior of wood frogs have revealed the proximate mechanisms for a size-related reproductive advantage in both males and females. For females, larger individuals produce larger clutches; for males, larger individuals can better remain clasped to females when contested by rival males and can better depose males clasped to other females. No results obtained support of the existence of mate choice in either males or females.
A major goal of evolutionary biology is to document how specific processes effect patterns observed in nature. The process of sexual selection involves the interaction between variation in reproductive success (RS) and proximate mechanisms of mate choice and competition for mates to produce sexual differences in phenotypic attributes. Unfortunately, attempts to identify processes are limited by the particular research methods used, and our understanding of patterns can be significantly affected by the number and quality of studies on related taxa.
We report the results of a four year study on a local population of approximately 7,400 wood frogs, Rana sylvatica, in which we simultaneously observed the undisturbed mating behavior of about 90% of the individuals and used the remainder in controlled field experiments. This research was undertaken primarily to elucidate the proximate mechanisms responsible for an observed pattern of non-random mating (Howard, 1980; Berven, 1981) . We also determined the amount of variation in RS (number of zygotes produced) for each sex and considered how the different means by which males and females maximize RS might be related to sex-specific differences in life history and morphology.
Wood frogs are classified as "explosive" breeders (Wells, 1977a) : their mating period usually lasts less than one week, with most breeding occurring within 24 hr. Such extreme mating synchrony has been predicted to reduce variance in mating success among males, because one or a few individuals cannot physically monopolize a majority of breeding females (Trivers, 1972; Emlen and Oring, 1977) , and to increase the likelihood that malemale competition will be exploitative rather than overtly aggressive (Wells, 1977a) .
Choosing among alternative proximate mechanisms for both male-male competition and mate choice by females is aided by experimentation, because many factors can be controlled while investigating the importance of one or a few variables. However, such experimentation may entail creation of unrealistic, or at least evolutionarily novel, social and ecological conditions. Thus, experimental results can be difficult to interpret in terms ofthe natural situation.
To identify any such experimental artifacts, we performed experiments in which all relevant variables were controlled and experiments in which only one variable was controlled. In addition, we made comparable observations on naturally breeding individuals.
All our observational and experimental results support the notion that malemale competition is a potentially important selective force in wood frogs. The possibility of mate choice by females is unsupported.
MATERIALS AND METHODS
Our study of wood frogs took place during [1980] [1981] [1982] [1983] in Saginaw Forest of the University of Michigan, 1.5 kilometers west of Ann Arbor. The frogs' breeding activity occurred in a semipermanent woodland pond with a surface area approximately 90 x 50 m and a maximum depth of 1.5 m. Overwintering sites were in the surrounding mixed evergreen and deciduous forest, particularly south ofthe pond. The pond was completely encircled by aim high fence of 3.2 mm mesh galvanized hardware cloth, which allowed us to monitor accurately movements of frogs to and from the breeding environment. All individuals captured against the outside of the fence each spring were counted and sexed, and the body sizes (snout-ischium length) of most were recorded to the nearest 0.1 mm. Estimates of survivorship and growth rate were obtained by recaptures of 364 of the 5,877 individuals which were given unique toe clips during 1980-1982. Only one individual from our population was recaptured in a sample of680 individuals from a smaller population, 500 m north of the pond.
The one or two common oviposition sites that formed in the pond each spring were observed on a 24 hr basis. Observations were taken from elevated painters' platforms to minimize disturbance. In 1981, the body sizes of 568 mated males and females were taken immediately after oviposition, and, each time a male mated successfully, a single strand ofcotton thread was tied around his waist. Multiple waist bands provided evidence of polygyny, and these data provided the basis for estimating matings and reproductive success (see Appendix for a detailed calculation of these parameters). Periodic surveys in the study pond and the only other nearby breeding aggregation revealed no case in which a marked male mated away from the monitored egg deposition site. Females mated only once each season, and the reproductive success of that sex was estimated from the number of oviducal eggs in a sample of 110 individuals ofknown body size which were accidentally killed during the four years of study. Each clutch was dried and weighed, and the number of eggs/clutch was extrapolated from an egg number/ dry weight regression.
Several data analyses involved the use of body size categories. In all experiments, we recognized small, medium, and large males and females, which were <37.5, 37.6-41.5, and >41.6 mm, respectively (males), and <40.5, 40.6-45.5, and >45.6 mm, respectively (females). The limits of the small and large categories are approximately 1 SD from the average body size recorded for each sex in 1980 (Nmales= 1,607, Nfemales= 1,227).
We conducted two types of field experiments: those in the pond, which involved the natural breeding population, and those which used 1.8 m diameter children's plastic swimming pools partially submerged in the pond. We refer to these as "pond release" and "pool" experiments, respectively. The pool experiment, first carried out in 1981 and replicated in 1982, considered how density and body size of competing males, and the sizes of the males and females in amplexus influenced the number of amplexed males displaced from their mates. No statistical difference was detected between years; thus, the data were treated as replicates. The density of competing males was a three-level factor-low, medium, and high (15, 30, and 60 males/ pool, respectively). The density categories were comparable to those observed far from, near to, and at a wellestablished common oviposition site. Size ofcompeting males was also a three-level factor-small, medium, and large. The third factor consisted of four categories: small male in amplexus (x) with small female, small male x large female, large male x small female, large male x large female. Three pairs of frogs representing each of these categories were added to each pool. The pairs in each level were marked with the same color thread, stitched into the skin of the dorsal neck region, so that a male deposed from a female could be readily detected. The pool experiments ran 6.5 hr, which was the approximate average time it took an amplexed pair to reach the common oviposition site from the margin ofthe pond. The four pair-size combinations were created by placing males and females of the desired size combinations together in ice chests the night before the experiment was run.
Our analysis of sexual dimorphism in arm length (humerus + radioulna) utilized measurements taken from skeletons prepared from 133 males and 109 females accidentally killed during the study. Urostyle and snout-vent lengths were significantly correlated in the two sexes (r = 0.77; P < 0.001); however, we used urostyle length as the measure of body size in this analysis because it could be measured more accurately and it explained significantly more ofthe variance in arm length than did snout-vent length. Standard parametric and nonparametric statistical abbrevations are employed throughout the text. The Student-Newman-Keuls test was used to detect significant trends in the three factors used in the ANOVA.
RESULTS

Life History and Reproductive Success
During 1980-1983, the adult wood frog population at Saginaw Forest Pond varied from 5,202 to 8,955 individuals. In all years, the sex ratio of adults entering the pond was male-biased (range = 1.85-4.00 males/female; Fig. 1 ). Several demographic factors probably contributed to this bias: (1) Females had higher size-specific growth rates than males (ANCOVA: F 1 ,32 5 = 550.18; P < 0.001; Fig. 2) ; however, despite a higher growth rate, most females became sexually mature one year later than males did (see also Berven [1981] ). (2) Recapture of 122 of the 2,704 marked females and 242 of the 3,173 marked males indicated that yearly survival rate of females was lower than that of males (8.0% vs. 12.5%, respectively). Thus, lack of sexually immature females at the breeding site and higher mortality rates offemales effected a male-biased breeding sex ratio.
Males and females also differed in time ofarrival at the pond (Fig. 1) . Individuals left their overwintering sites and entered the breeding pond during a period of 12-30 days depending on weather conditions. Males typically preceded females into the pond, although considerable temporal overlap in arrival times occurred (Fig. 1) 1980. B. 1981. C. 1982. D. 1983 . Total numbers of males and females per year are listed to the right in each panel. Approximately 61% of the males did not mate (see Appendix). Such lack of mating success resulted from the malebiased sex ratio and, to a lesser degree, the polygynous activity of a few males. The CV in number of matings obtained by males was 131.53; however, this measure is not comparable to that given above for females because the two estimates are based on different currencies, mates and zygotes (Howard, 1979 (Howard, , 1983 . Estimates of the number of zygotes produced per male (see Appendix) resulted in a CV in RS of 137.06. The ratio ofCV in zygote production for the sexes was 4.74 in favor of males (137.06/28.91).
As in other wood frog studies (Howard, 1980; Berven, 1981) , male body size was correlated with mating success in our population. Based on a sample of 539 naturally breeding pairs in 1980, male size was significantly correlated with probability ofmating (r = 0.66; P < 0.05; 12 male size categories were employed). This trend was corroborated in 1981: larger males had a significantly greater chance of mating one or more times (r = 0.53; P < 0.05; 14 male size categories) and of mating two or more times (r = 0.68; P < 0.05; 12 male size categories).
In addition, the slight tendency for positive size assortment in mated pairs (Fig. 3) means that larger males might also fertilize more eggs per mating.
Given that male and female RS were measured in the same currency, the relative influence of body size on variation in RS can also be assessed for the sexes.
Although RS increased with body size for each sex, the expected value of RS increased considerably more with size in females than in males (ANCOVA: Tables I and 2 ). The number of pairs in the four size categories differed from expected values (x 2 = 11.89; P < 0.001). In particular, fewer small male x large female pairs were observed than predicted.
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ing amplexed pairs and, sometimes, deposing amplexed males (Fig. 5) . We conducted the pool experiments to determine whether males of different sizes were equally successful at remaining amplexed to females when potentially competing males were present. We controlled the size of males and females in amplexus, and the size and density ofcompeting males. Results indicated that not all pairing combinations were equally stable (Table 1 ). In particular, small males paired with large females were more easily deposed than were males of any other pair-size category (Fig. 6A) ; more males amplexed to females were deposed in the presence of large competing males than in the presence ofsmall or medium-sized competing males (Fig. 6B) ; and more males amplexed to females were deposed when competing males were in high density than in low or intermediate density
that chance is a very important factor. Given the male-biased sex ratio, 2,667 males (57.6% of all males present; see Appendix) went unmated due solely to the rarity of females in 1981. The effect of such a biased sex ratio can be roughly estimated by comparing the CV in male RS based on our sample of 568 matings with what could occur given a similar sample from a population with an equal sex ratio of breeding adults. In the hypothetical case, the polygynous activity of some males would result in a CV of 46.99 for number of zygotes produced (see Appendix). The male/female ratio of CV would be only 1.63. Rough estimates of the relative importance of sexual selection and sex ratio bias suggest that 34% (46.99/137.06) ofthe observed variation in number of zygotes/male is potentially due to sexual selection and 66% (90.07/ 137.06) ofthe variation could result from the male-biased sex ratio.
Proximate Mechanisms: Pool
Experiments We initiated several experiments to ascertain the proximate mechanisms that influenced differential RS among males. The possibility of female preference for larger males was tested by releasing females into fenced pens in the pond which contained marked males ofvarious sizes, and into regions of the pond containing unmarked males. Results were unambiguous: the slightest movement by females resulted in their immediate amplexus by the nearest male. Thus, if females ever attempted to select particular males as mates, they would rarely be successful. Based on these experiments and some direct observations of free ranging females we concluded that initial pairing was random with respect to male body size and that the observed differential success of larger males occurred after the first pairing. We also conducted two experiments to detect female mate choice after pair formation, but we found no evidence ofthis in either case (see below).
In contrast to female choice, we commonly observed unpaired males attack- ( Fig. 6C) . None of the interaction terms in the ANOVA was statistically significant (Table 1) ; however, more than two replicates of the experiment may be required to detect trends.
Results from the pool experiments can be correlated with observations on the breeding behavior of free-ranging wood frogs. Partitioning the mating success data obtained in 1981 on naturally breeding individuals into the four pair-size combinations used in the pool experiments reveals that the frequencies of the four combinations were unequal (Fig. 3) . In particular, fewer pairs of the small male x large female category were obtained than one would expect at random.
To determine whether the behavior of amplexed females affected the chance that their male suitor would be deposed, we monitored pairs of the four pair-size combinations in all nine treatments during the 1982 pool experiment. Females in the four pair-size categories did not differ with respect to the number oftimes they moved toward a nearby competing male (i.e., a potential deposer of their suitor; ANOVA: F 3 • 32 = 1.00; P = 0.41), FIG. 5. An example of male-male competition in wood frogs. A small male, identified by the thread tied to its dorsum, is amplexed to a large female, in the usual anuran axillary embrace. A. The pair is present at the common oviposition site (note egg masses) but has yet to begin egg laying; a large male has amplexed the female in the inguinal region. B-C. The large male shifts to an axillary embrace. D. The small male is deposed from the female.
the number of times they moved away from a contesting male (F 3 • 32 = 1.04; P = 0.39), or the number ofcontests in which they were involved (F 3 • 32 = 0.88; P = 0.46).
Proximate Mechanisms: Pond
Release Experiments Additional agreement between naturally breeding individuals and pool experiments was obtained in 1982 and 1983 when pairs of all four size combinations were simultaneously released in the pond (Table 2) . After release, the common egg deposition site was monitored for 24 hr to determine whether the four size combinations were equally stable. Pairs began egg deposition, on average, 6.3 hr after release (range = 0. 63-25.35 hr; 1982) . About 21% of the original males were deposed before their female's arrival at the egg deposition site. Once again, SIZE CATEGORIES OF AMPLEXED PAIRS competition appears to have been greater in the pools, perhaps as a result of confinement or because 64% of the pairs released in the pond completed egg deposition in less time than the 6.5 hr allotted to the pool experiments. However, despite these differences in magnitude, similar trends were observed in the pond release and pool experiments. The pond release experiments were also used to test for the possibility of female choice because females that attempted to rid themselves ofsmaller amplexed males were predicted to take longer, on average, to reach the common egg deposition site; however, no differences were observed in average time of arrival at the egg deposition site among the four pair-size combinations (F 3 • 12 7 = 0.84; P = 0.47). Finally, pairs of the four pair-size combinations were released into experimental pools in the absence ofmale competitors to determine whether the females themselves would dislodge unwanted suitors. After 6.5 hr, all males remained firmly clasped to their original mates.
An Alternative Hypothesis
Visual inspection ofamplexed pairs led us to predict that a male's arm length could influence his ability to remain clasped to females when contested by other males. In the extreme case, small males cannot encompass the chest oflarge females and may be particularly vulnerable to the prying actions of rival males (Fig. 5) . The possibility of longer arm length providing reproductive advantages is consistent with the observed correlation between male body size and RS because larger males possess longer arms Preliminary support for the arm length hypothesis would be obtained if the allometric relationship between arm length and body size differs between the sexes; that is, assuming no advantage of longer arms in females, we expect males to have longer arms than females at every body size. As we predicted, males have signif- we observed significantly fewer small males amplexed to larger females successfully mating relative to the other three pair-size combinations.
In general, fewer males ofany pair-size combination were deposed in the pond release experiments than in the pool experiments. The degree of male-male other species appear to mate at random, at least with respect to the particular male traits considered. Unfortunately, this typically means random relative to male body size, because size can be measured easily and is likely to influence RS. Whether or not male traits other than size contribute to non-random mating patterns is largely unknown (but see Ryan, 1980a) . The operation of male-male competition and/or female choice in the non-randomly mating species is usually inferred from observational data; only in a few cases have investigators conducted field or laboratory experiments to distinguish more clearly among alternative hypotheses. An additional complication is that, too often, conclusions concerning the relative importance of the two processes of sexual selection are based on two commonly observed and easily recorded outcomes: size dependent mating success and size assortative mating. As pointed out by Arak (1983b) , these outcomes can be consistent with, but not unambiguous evidence for, both malemale competition and female choice. Necessary and sufficient conditions for documenting male-male competition as a selective force must involve some measurement of the processes and their outcomes: for example, differential and repeatable success of particular males (or classes of males) in male-male interac-
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Non-Random Mating in Anurans
Non-random mating patterns have now been clearly demonstrated for at least 22 out of 30 species of anurans (Table 3) . Trends are unclear for four species because each includes populations that mate randomly as well as non-randomly. Four 
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6.0 7.0 UROSTYLE LENGTH (MM) FIG. 7. The correlation between arm length and urostyle length in male and female wood frogs from Saginaw Pond. Differences in symbols are defined in inset.
tions, as well as a recognizable reproductive benefit for winners in male-male encounters. Similarly, documentation that mate choice by females is adaptive should require demonstrating that females select particular males (or classes of males) as mates and actively reject other males, as well as showing that some reproductive benefit accrues to discriminating females (see also Halliday, 1983; Parker, 1983) . Several authors have recently suggested that non-random female mating preferences may be neutral with respect to female RS in species in which males provide no parental investment in young (Lande, 1980; Kirkpatrick, 1982; Arnold, 1983 ). However, this prediction largely results because female RS is defined solely on the basis of zygote production, not on the subsequent success of the zygotes produced. Earlier theories of mate choice did not require that discriminating females produce more zygotes than randomly mating females, but only that the sons of discriminating females obtained some mating advantage (e.g., Fisher, 1958; Trivers, 1972) .
Our investigation demonstrates nonrandom mating in a wood frog population. All observations and experiments conducted support the existence ofmalemale competition but provide no evidence for female choice. In particular, relative to smaller males, larger males are better at remaining clasped to females and in deposing males amp1exed to other females. As a result, larger males obtained a significant mating advantage. These results greatly clarify an earlier study (Howard, 1980) and agree with reports on another wood frog population (Berven, 1981) . In our pond release experiments, the four most extreme pair-size combinations were made equally common artificially; however, the frequency of these combinations became decidedly nonrandom by the time of egg deposition.
These findings call into question the accuracy of detecting non-random mating, or the degree of non-random mating, by the commonly used technique of collecting amplexed pairs haphazardly in the breeding habitat (e.g., Wilbur et aI., 1978; Lee and Crump, 1981; Gatz, 1981b) . Typically, investigators who use this method compare the body size of paired males with unpaired males in the same population to determine the existence of a male size advantage. Not only is the true mating status ofan "unpaired" male unclear, the entire process of male-male competition or mate choice does not end for any particular amplexed pair until egg deposition (see also Verrell, 1983) . Thus, such studies might be expected to underestimate consistently the degree of non-random mating and of sexual selection.
In an excellent study on another wood frog population, which utilized field observations and laboratory experimentation, Berven (1981) suggested that male wood frogs exercised mate choice by preferring larger females. No such phenomenon was observed in our population. In fact, the most stable pair-size combination in both our experiments and observations of naturally breeding pairs was large males paired to small females (Fig.  6A) . The ecological and social conditions that might make male mate choice likely are unclear. Also, Berven's (1981) report of a female-biased sex ratio in several of the ponds he studied appears to represent a unique finding in this species (Banta, 1914; Wright, 1914; Howard, 1980 ; this study).
Unlike earlier investigations on wood frogs (Howard, 1980; Berven, 1981) , a slight positive size assortment existed for successfully mated pairs in the population we studied (Fig. 3) . Given the large amount of variation present in our sample of571 individuals, a similar tendency would be difficult to discern in smaller samples. In addition, given the effect of male density on frequency of amplexed males deposed (Fig. 6C ) and the tendency for small males to be more sensitive to male-male competition (Fig. 6A) , size assortment may only occur under high population densities. A similar density effect has been suggested for Rana temporaria (Arak, 1983b) , a European species that closely resembles wood frogs in ecology and behavior. The size assortment observed in our study was consistent with experimental results on male-male competition; in particular, small males paired to large females occurred less frequently than expected. Such size assortative mating has been proposed as a means to ensure high fertilization success in some species of anurans (Licht, 1975; Davies and Halliday, 1977) but it confers no such benefit in other species (e.g., Howard, 1978; Kruse, 1981) . We could also detect no such advantage in wood frogs. Despite considerable variation in relative sizes of mated pairs, a random sample of 13 egg masses deposited by pairs of unknown size revealed no instance in which less than approximately 97% of the eggs were fertilized (see also Seigel, 1983) .
Sexual Selection and Sex Ratios
Synchronous mating by females in a population has been predicted to affect the form and intensity of male-male competition and female choice in all species (Trivers, 1972; Wells, 1977a; Emlen and Oring, 1977; Parker, 1983) . Although mating synchrony is a definite factor in the wood frog mating system (Howard, 1980; Berven, 1981) , the effects ofa male-biased sex ratio must also be considered. Preponderance of males should increase both male-male competition for the relatively scarce females and the likelihood offemale choice due to the reduction in time and energy spent locating a large number of males when searching for a suitable mate (Parker, 1983) . Emlen and Oring (1977) suggest that the operational sex ratio (OSR), the ratio ofthe number ofadult males to the number of receptive females at any point in time, estimates the intensity of sexual selection. This measure has several potential methodological pitfalls (Kluge, 1981 p. 135) and may be less useful in predicting selection intensity than are measures incorporating the amount of variation in RS (Wade, 1979; Wade and Arnold, 1980; Howard, 1983) ; however, the OSR should serve as a reasonable index of the intensity of male-male competition because it measures the scarcity of a limiting resource-females. In our population, we estimate that the OSR averaged 16:1 during peak mating activity in 1980, and that the OSR was considerably higher in the vicinity of the egg deposition site. Species with more prolonged breeding seasons seem to have lower OSR values than those we observed for wood frogs. For example, the OSR for Hyla rosenbergi ranged from 6.9:1 to 9.3:1 (Kluge, 1981) , and for Rana catesbeiana the OSR was 5.7:1 (Emlen, 1976) . Presumably, the overall malebiased adult breeding sex ratio largely contributed to the relatively high OSR in wood frogs; overall adult breeding sex ratios in H. rosenbergi and R. catesbeiana were close to 1:1.
Although a high OSR may increase the likelihood ofselection for mate choice by females, the tendency of males to grasp anything nearby that could be a female should reduce a female's ability to evaluate males without being clasped. In addition, the intense male-male competition for paired females could result in injury or death to females that attempt male choice after initial pairing. Proximate benefits of mate choice are not obvious. Males do not defend resources required by females. Potential long-term benefits include selection of mates with higher genetic quality as reflected by faster growth rate or greater ability to survive to old age (e.g., Trivers, 1972; Borgia, 1979 ; but see Lande, 1981; Kirkpatrick, 1982) . While these benefits are possible in wood frogs, the relatively low variation in growth rate of similarly-sized males (Fig. 2) and their short lifespan, regardless of size, render these considerations unlikely.
Considerable variation exists within each sex in zygote production. Body size explains much more of this variation in females than males, R2 = 0.946 vs. 0.429, respectively. Much of the unexplained variation in male RS could result from the male-biased sex ratio; that is, even in the absence of male-male competition and female choice, 57.6% of the males must go unmated. By contrast the effects of polygyny resulted in only 3.3% of the males going unmated (see Appendix). Sex ratio bias must produce a significant random component of the variation in male RS. But how large? A crude estimate predicts that it could account for as much as 66% of the total variation in male RS. Although this prediction is most probably an overestimate, it suggests that the remaining 57.1% of unexplained variation in male RS could easily be due to chance rather than unmeasured phenotypic traits. For this reason, we suspect that the relative variability in RS between the sexes potentially affecting sexual traits is much closer to 1.63, the sex ratio-corrected estimate of male CV/female CV, than to 4.74, the CV ratio obtained when sex ratio bias is not considered. Complications in comparing RS variation between the sexes have been noted by other authors (e.g., Payne and Payne, 1977) and have recently been incorporated into statistical estimates of male RS (Wade and Arnold, 1980) . However, we suggest that before a sex ratio bias is considered as an aspect of sexual selection (e.g., Price, 1984) , experiments should be performed that quantify how differences in overall sex ratio within a species influence relative variation in RS between the sexes.
Sexual Selection and Dimorphism
Numerous investigators have reported that female wood frogs exceed males in body size (e.g., Wright and Wright, 1949; Bellis, 1961; Wells, 1978; Howard, 1980; Berven, 1981) , as is typical ofanuran species in which males do not engage in combat for mating territories or females (Wells, 1978; Shine, 1979; Woolbright, 1983) . Similar results occurred in the our population: .x female body size = 42.86, SD = 3.28, N = 539; .x male body size = 39.77 mm, SD = 2.33, N = 1,598.
Relating the size dimorphism pattern of wood frogs to sexual selection requires several types of information for each sex including how body size influences survival (Lande, 1980) , how RS varies with body size, and the functional relationship between body size and RS.
The functional relationship between female body size and RS is straightforward: variation in RS results from the volume ofeggs that females can hold, and egg capacity increases directly with female size. The situation is more complex for males. Males employ numerous mating behaviors that could influence their RS. Our results suggest that large male size only increases their ability to remain clasped to females when paired and to depose males amplexed to other females. Variation in male body size may have little or no effect on performance ofother male mating behaviors. Large male size may confer reproductive advantages by influencing overall strength needed in male-male competition. Alternatively, at least some of the observed effect of body size on RS might result from correlations between body size and other phenotypic characteristics that more directly affect RS.
Our arm length analysis suggests that the correlation between male body size and RS could be an incidental effect of the relationship between male size and arm length. However, this result is also consistent with several other hypotheses, and more supporting data are necessary before any firm conclusions can be reached. Data on the biomechanics of arms during amplexus and a comparative survey of other species might be especially revealing. Relative to the latter, we predict that sexual differences in the arm length-body size relationship should be more common in species like wood frogs in which males primarily compete for females that are already in amplexus. In species with male combat, overall strength (hence large body size) may contribute more to success in wrestling contests than clasping ability. As a result, males may be similar to females in arm length but may differ in other regards (e.g., diameter ofarm bones, arm muscle bulk).
Many studies ofanurans have reported male size advantages in reproduction (e.g., Wells, 1977b; Howard, 1978; Woodward, 1982; Ryan, 1983) . Unfortunately, few ifany phenotypic attributes were usually measured other than male size (but see Ryan, 1980a Ryan, , 1983 . The proximate mechanisms used by males to obtain mates often differ dramatically among species, and it is likely that various phenotypic characters correlated with male body size may affect reproductive success as much or more than body size itself. Future studies of sexual selection should include measurements of numerous male and female characteristics that can be predicted to influence RS, as well as measurements of reproductive parameters (Arnold and Wade, 1984) . Only in this manner can specific hypotheses be tested concerning the phenotypic consequences ofsexual selection.
Corresponding Editor: J. A. Endler ApPENDIX The methods used to estimate annual mating and reproductive success in wood frogs are complicated because the effects of both polygyny and sex ratio bias must be considered. Our calculations are based on the 1981 breeding season. In that year, the breeding population contained 4,631 males and 1,964 females; these figures differ from those reported in Figure IB because they have been corrected for the accidental deaths of individuals that occurred during our handling procedures.
Data used in estimating mating and reproductive success in our study come from a sample of 568 pairs ofwood frogs that we observed produce fertile egg masses. Females mated with one male, whereas males mated with as many as three females. As a result, our sample consisted of 568 females and 524 males. Body sizes of all parents were measured immediately after oviposition.
Mating Success.- Table 4 summarizes the mating patterns for male and female wood frogs. For both sexes, we report the number and relative fre- For females, we extend our sample data to predict the number ofeach type offemale in the population. Similar population estimates for males require information on the effects of polygyny and sex ratio (Table 5) . First, the number of males obtaining one mating is 1,667 (the number of females that mated with monogamous males); the number of males achieving two matings is 138 (half the number of females that mated with bigamous males); and the number of males achieving three matings is 7 (onethird the number of females that mated with trigamous males). Thus, 1,812 males (39.1%) mated at least once and 4,631 -1,812 = 2,819 males went unmated (Table 5) were then extrapolated to the entire male population from these data.
Reproductive Success. -Estimates are expressed in number of zygotes per parent. Unlike the preceding analysis, we base all summary RS statistics on the original sample of 568 matings rather than on population projections. The number of oviducal eggs, illustrated in terms of body size, was used to estimate female RS. We employed the regression equation, Y = 51.066X -1574.7, extracted from the female clutch size: body size relationship, and the body sizes of the 568 known parents to determine male RS. This parameter was estimated first for males with the highest degree of polygyny. We solved for the number of zygotes in the last clutch fertilized by a trigamous male, using the regression equation and the body size of the female parent involved. Because we did not record the identity of each individual male in our sample, the numbers of zygotes in each of the remaining two matings were estimated by randomly selecting a previously mated male of the same body size as the trigamous male in question and, with the size of that male's mate, solving for number ofzygotes. The same procedure was used to estimate the numbers ofzygotes in the clutches sired by bigamous individuals. Monogamous males were all those males remaining in the sample, and their RS was determined using the described regression technique. Some number of unmated males must be included in our sample if the estimate of average male RS is to reflect accurately all degrees of mating success that occur in the population. We know that a total of 524 males actually mated in our sample of 568 observed matings. To estimate the number of unmated males relevant to 568 females we solved for number of males (X) by using the overall population sex ratio, X 4,631 568 = 1,964 ' X= 1,339, and subtracting the number ofmales known to have mated in the observed sample (1,339 -524 = 815). Thus, 815 entries of males siring zero zygotes were used to estimate male RS statistics (x = 244.10, SO = 334.56, CV = 137.06). For a hypothetical population with a I: I sex ratio, we assumed our sample consisted of 568 males and 568 females. Because 524 males mated successfully, 44 entries of males siring zero zygotes were used to estimate male RS statistics (x = 575.45, SO = 270.41, CV = 46.99).
